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SPECIFICATION 
Fluorescent Probe for Zinc 
Technical Field 

The present invention relates to a fluorescent probe for zinc that emits 
fluorescence by specifically trapping a zinc ion. 

Background Art 

Zinc is an essential metallic element that is present in the human body in the 
largest amount next to iron. Most zinc ions in cells are strongly coupled to proteins 
and are involved in the maintenance of structure or in the expression of function of the 
protein. Various reports have been also made on the physiological role of free zinc 
ions which are present in the cell in a very small quantity (generally at a level of 11 M 
or lower). In particular, zinc ions are considered to be significantly involved in one 
type of cell death, i.e., apoptosis, and it is reported that zinc ions accelerate senile 
plaque formation in Alzheimer's disease. 

A compound (a fluorescent probe for zinc), which specifically traps a zinc ion to 
form a complex and emits fluorescence upon the formation of the complex, has been 
conventionally used to measure zinc ions in tissue. For example, TSQ (Reyes, J.G., et 
al., Biol. Res., 27, 49, 1994), Zinquin ethyl ester (Tsuda, M. et al., Neurosci., 17, 6678, 

1997) , Dansylaminoethylcyclen (Koike, T. et al., J. Am. Chem. Soc, 118, 12686, 1996), 
and Newport Green (a catalog of Molecular Probes, Inc.: "Handbook of Fluorescent 
Probes and Research Chemicals" 6th Edition by Richard P. Haugland pp. 531-540) 
have been used practically as fluorescent probes for zinc. 

The measurement using TSQ, Zinquin, or Dansylaminoethylcyclen, however, 
requires the use of a short wavelength excitation light (an excitation wavelength of 367 
nm, 368 nm, and 323 nm, respectively). Accordingly, when these fluorescent probes 
for zinc are used for measurement in living systems, the short wavelength excitation 
light may cause damages of cells (Saibou Kougaku (Cell Technology), 17, pp. 584-595, 

1998) . A problem also arises that the measurement may be readily influenced by 

autofluorescence generated from cell systems, per se (fluorescence emitted by NADH 

or flavins). Further, Dansylaminoethylcyclen suffers from a disadvantage: When the 
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concentration is determined using the reagent, the fluorescence intensities are vary 
greatly depending on differences in environment such as solvents, whether a solubility 
in water or in lipid is extra-, intra-cell or cell membrane; or the like 
(Tanpakushitsu-Kakusan-Kouso (Protein, Nucleic Acid and Enzyme), extra number, 
42, pp. 171-176, 1997). TSQ has a problem that even distribution in the whole cell is 
difficult due to its high lipophilicity. Newport Green has low affinity for zinc ions and 
fails to achieve practical measurement sensitivity, although the agent enables 
measurement with a long wavelength excitation light. Therefore, the development of 
a fluorescent probe for zinc has been desired that can measure zinc ions with high 
sensitivity without damaging cells. 

The inventors of the present invention conducted various studies to provide a 
fluorescent probe for zinc with high sensitivity. As a result, they found that a 
compound having a cyclic amine or a polyamine as a substituent has high specificity 
with zinc ions, and by trapping zinc ions, the compound forms a complex which emits 
strong fluorescence with a excitation light in longer wavelength range (Japanese 
Patent Application No. (Hei) 11-40325). In addition, the inventors further conducted 
studies and succeeded in providing a fluoresceine derivative by which zinc in the living 
organism can be measured with very high accuracy and sensitivity (International 
Publication WO 01/62755). However, this fluoresceine derivative has extremely high 
affinity for a zinc ion, and this causes a difficulty in accurately measuring zinc ions in 
a high concentration, although the derivative was excellent in detection of zinc ions in 
a low concentration. Therefore, it has been desired to provide a means which can 
accurately measure the concentration of zinc ions in a broader range. 

Disclosure of the Invention 

An object of the present invention is to provide a means to accurately measure 

zinc ions in a broad range from a low concentration to a high concentration. The 

inventors of the present invention have conducted various studies to achieve the 

foregoing object. As a result, they found that zinc ions in a high concentration can be 

accurately measured by modifying the fluoresceine derivative described in 

International Publication WO 01/62755, and that the concentration of zinc ions over an 

extremely broad range of the concentration can be accurately measured by combining 

the novel fluoresceine derivative provided as mentioned above and the fluoresceine 
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derivative described in International Publication WO 01/62755. The present 
invention was achieved on the basis of these findings. 

The present invention thus provides a compound represented by the following 
general formula (IA) or (IB) or a salt thereof: 



wherein X 1 , X 2 , X 3 , and X 4 independently represent a hydrogen atom, a 
2-pyridylmethyl group, a 2-pyridylethyl group, a 2-methyl-6-pyridylmethyl group, or a 
2-methyl-6-pyridylethyl group, provided that at least one among the groups selected 
from the group consisting of X 1 , X 2 , X 3 , and X 4 represents a group selected from the 
group consisting of a 2-pyridylethyl group, a 2-methyl-6-pyridylmethyl group, and a 
2-methyl-6-pyridylethyl group, and m and n independently represent 0 or 1, provided 
that m and n do not simultaneously represent 0; provided that R 1 and R 2 do not 
simultaneously represent hydrogen atoms; R 3 and R 4 independently represent a 
hydrogen atom or a halogen atom; R 5 and R 6 independently represent a hydrogen atom, 
an alkylcarbonyl group, or an alkylcarbonyloxymethyl group; and R 7 represents a 
hydrogen atom or an alkyl group. 

As a preferred embodiment of the aforementioned invention, provided is a 
compound represented by the following general formula (IIA) or (HB) or a salt thereof: 
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wherein R 11 and R 12 independently represent a hydrogen atom, an alkylcarbonyl group, 

or an alkylcarbonyloxymethyl group; R 13 and R 14 independently represent a hydrogen 

atom or a halogen atom; R 15 and R 16 independently represent a hydrogen atom or a 

methyl group; R 17 represents a hydrogen atom or an alkyl group; p and q 

independently represent 1 or 2; and r represents 0 or 1, provided that when r is 1, 

excluded is the compound wherein R 15 and R 16 are simultaneously hydrogen atoms, 

and p and q are simultaneously 1, and when r is 0, q is 2. 

According to preferred embodiments of the above invention, provided are the 

aforementioned compound or a salt thereof wherein R 11 , R 12 , R 13 and R 14 are hydrogen 

atoms; and the aforementioned compound or a salt thereof wherein R 17 is a hydrogen 

atom, and according to a further preferred embodiment, provided is the compound or a 

salt thereof in which the substituted amino group on the benzene ring binds in 

m-position or p-position relative to the group represented by -COOR 17 . 
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From another aspect, the present invention provides a fluorescent probe for 
zinc which comprises a compound represented by the aforementioned general formula 
(IA), (IB), (IIA) or (IIB), or a salt thereof; and a zinc complex which is formed by a 
compound represented by the aforementioned general formula (IA), (IB), (IIA) or (IIB), 
or a salt thereof together with a zinc ion. The fluorescent probe for zinc can be used 
for measuring zinc ions in tissues or cells. 

Further, the present invention provides a method for measuring zinc ions in 
which a compound represented by the aforementioned general formula (IA), (IB), (IIA), 
or (IIB) or a salt thereof is used as a fluorescent probe for zinc; a method for measuring 
zinc ions which comprises the following steps of: (a) reacting a compound represented 
by the aforementioned general formula (IA), (IB), (IIA), or (IIB) or a salt thereof with 
zinc ions; and (b) measuring fluorescence intensity of the zinc complex produced in the 
above step; and a use of a compound represented by the aforementioned general 
formula (IA), (IB), (IIA), or (IIB) or a salt thereof as a fluorescent probe for zinc. 

From a further aspect, the present invention provides a method which 
comprises the step of measuring zinc ions by using two or more compounds or salts 
thereof selected from the group consisting of the following (1) to (14) in the following 
general formula (IIIA) or (IIIB): 
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wherein R 21 and R 22 independently represent a hydrogen atom, an alkylcarbonyl group, 
or an alkylcarbonyloxymethyl group; R 23 and R 24 independently represent a hydrogen 
atom or a halogen atom; R 25 and R 26 independently represent a hydrogen atom or a 
methyl group; R 27 represents a hydrogen atom or an alkyl group; s and t independently 
represent 1 or 2, and u represents 0 or 1, 

(1) a compound wherein s and t are 1, u is 1, and R 25 and R 26 are hydrogen atoms, or a 
salt thereof 

(2) a compound wherein s and t are 1, u is 1, R 25 is a hydrogen atom, and R 26 is a 
methyl group, or a salt thereof 

(3) a compound wherein s and t are 1, u is 1, and R 25 and R 26 are methyl groups, or a 
salt thereof 
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(4) a compound wherein s is 1, t is 2, u is 1, and R 25 and R 26 are hydrogen atoms, or a 
salt thereof 

(5) a compound wherein s is 1, t is 2, u is 1, R 25 is a hydrogen atom, and R 26 is a methyl 
group, or a salt thereof 

(6) a compound wherein s is 1, t is 2, u is 1, R 25 is a methyl group, and R 26 is a hydrogen 
atom, or a salt thereof 

(7) a compound wherein s is 1, t is 2, u is 1, and R 25 and R 26 are methyl groups, or a salt 
thereof 

(8) a compound wherein s and t are 2, u is 1, and R 25 and R 26 are hydrogen atoms, or a 
salt thereof 

(9) a compound wherein s and t are 2, u is 1, R 25 is a hydrogen atom, and R 26 is a 
methyl group, or a salt thereof 

(10) a compound wherein s and t are 2, u is 1, and R 25 and R 26 are methyl groups, or a 
salt thereof 

(11) a compound wherein t is 1, u is 0, and R 26 is a hydrogen atom, or a salt thereof 

(12) a compound wherein t is 1, u is 0, and R 26 is a methyl group, or a salt thereof 

(13) a compound wherein t is 2, u is 0, and R 26 is a hydrogen atom, or a salt thereof 

(14) a compound wherein t is 2, u is 0, and R 26 is a methyl group, or a salt thereof 

According to a preferred embodiment of the above invention, provided is the 
aforementioned method wherein R 21 , R 22 , R 23 , R 24 , and R 27 are hydrogen atoms. 
According to this method, the selected two or more compounds or salts thereof can form 
zinc complexes in different ranges of the zinc concentration, and accordingly, zinc ions 
can be measured in a broad range of the concentration. Further, the present 
invention provides a kit for measuring zinc ions which comprises two or more 
compounds or salts thereof selected from the group consisting of the aforementioned 
compounds or salts thereof (1) to (14). 

Brief Description of Drawings 

Fig. 1 shows changes in fluorescence intensity of each of the test compounds 
with relation to changes in the concentration of zinc ions. 

Fig. 2 shows changes in fluorescence intensity of each of the test compounds in 
the presence of a variety of metal ions. 
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Fig. 3 shows changes in fluorescence intensity of each of the test compounds 
with relation to pH changes. 

Fig. 4 shows the zinc complexing rate between each of the test compounds and 
zinc ions. 

Fig. 5 shows changes in fluorescence intensity when zinc ions in various 
concentrations were intracellularly introduced by using CHO cells. 

Best Mode for Carrying out the Invention 

"An alkyl group" or an alkyl moiety of a substituent containing the alkyl 
moiety (for example, an alkylcarbonyl group or an alkylcarbonyloxymethyl group) used 
in the specification means, for example, a linear, branched, or cyclic alkyl group, or an 
alkyl group comprising a combination thereof having 1 to 12 carbon atoms, preferably 
1 to 6 carbon atoms, and more preferably 1 to 4 carbon atoms. More specifically, a 
lower alkyl group (an alkyl group having 1 to 6 carbon atoms) is preferred for an alkyl 
group. Examples of the lower alkyl groups include methyl group, ethyl group, 
n-propyl group, isopropyl group, cyclopropyl group, n-butyl group, sec-butyl group, 
isobutyl group, tert-butyl group, cyclopropylm ethyl group, n-pentyl group, n-hexyl 
group and the like. When "a halogen atom" is referred to, the term means any of a 
fluorine atom, a chlorine atom, a bromine atom, or an iodine atom, and preferably 
means a fluorine atom, a chlorine atom, or a bromine atom. 

In the aforementioned general formulas (IA) and (IB), the positions of R 1 and 
R 2 substituted on the benzene ring are not particularly limited. When R 2 is a 
hydrogen atom, it is preferred that R 1 binds in the meta-position or the para-position 
relative to the group represented by -COOR 7 (or the corresponding carbonyl group 
when a lactone ring is formed). The position of the substituted amino group on the 
benzene ring in the general formulas (IIA) and (IIB) is not particularly limited; 
however, the position is preferably meta-position or para-position relative to the group 
represented by -COOR 17 , and most preferably para-position relative to the group 
represented by -COOR 17 . 

In the compounds represented by the aforementioned general formulas (IA) 

and (IB), it is preferred that either of R 1 and R 2 is a hydrogen atom and the other is a 

group represented by the formula (A). In the group represented by the formula (A), X 1 , 

X 2 , X 3 , and X 4 independently represent a hydrogen atom, a 2-pyridylmethyl group, a 
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2-pyridylethyl group, a 2-methyl-6-pyridylmethyl group, or a 2-methyl-6-pyridylethyl 
group, provided that at least one among the groups selected from the group consisting 
of X 1 , X 2 , X 3 , and X 4 represents a group selected from the group consisting of a 
2-pyridylethyl group, a 2-methyl-6-pyridylmethyl group, and a 2-methyl-6-pyridylethyl 
group. In the compounds represented by the aforementioned general formulas (IA) 
and (IB), it is preferred that m is 0, n is 1 and X 4 is a hydrogen atom, and in said 
compound, it is preferred that at least one of X 1 and X 2 is a group selected from the 
group consisting of 2-pyridylethyl group, a 2-methyl-6-pyridylmethyl group, and a 
2-methyl-6-pyridylethyl group. When m is 0, n is 1 and X 4 is a hydrogen atom, it is 
preferred that X 1 is a group selected from the group consisting of 2-pyridylethyl group, 
a 2-methyl-6-pyridylmethyl group, and a 2-methyl-6-pyridylethyl group, and X 2 is a 
group selected from the group consisting of a 2-pyridylmethyl group, a 2-pyridylethyl 
group, a 2-methyl-6-pyridylmethyl group, and a 2-methyl-6-pyridylethyl group. 

R 5 and R 6 are preferably hydrogen atoms, and for imaging application R 5 and 
R 6 are preferably acetyl groups or acetoxymethyl groups. It is preferred that both R 3 
and R 4 are hydrogen atoms or chlorine atoms. R 7 is preferably a hydrogen atom. 

In the compound represented by the aforementioned general formula (IIA) or 
(IIB), R 11 and R 12 are preferably hydrogen atoms, and for imaging application R 11 and 
R 12 are preferably acetyl groups or acetoxymethyl groups. It is preferred that both 
R 13 and R 14 are both hydrogen atoms or both chlorine atoms at a time, and it is further 
preferred that both R 13 and R 14 are hydrogen atoms. R 17 is preferably a hydrogen 
atom. In the compound represented by the general formula (IIA) or (IIB), preferred 
are the compound wherein p and q are 1, R 15 is a hydrogen atom and R 16 is a methyl 
group; the compound wherein p and q are 1, and R 15 and R 16 are methyl groups; the 
compound wherein p is 1, q is 2, and R 15 and R 16 are hydrogen atoms; the compound 
wherein p is 1, q is 2, R 15 is a hydrogen atom, and R 16 is a methyl group; the compound 
wherein p is 1, q is 2, R 15 is a methyl group, and R 16 is a hydrogen atom; the compound 
wherein p is 1, q is 2, and R 16 and R 16 are methyl groups; the compound wherein p and 
q are 2, and R 15 and R 16 are hydrogen atoms; the compound wherein p and q are 2, R 15 
is a hydrogen atom, and R 16 is a methyl group; and the compound wherein p and q are 2, 
and R 15 and R 16 are methyl groups. 

The compounds of the present invention represented by the aforementioned 

general formula (IA), (IB), (IIA), or (IIB) can exist as acid addition salts or base 
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addition salts. Examples of the acid addition salts include: mineral acid salts such as 
hydrochloride, sulfate, and nitrate; and organic acid salts such as methanesulfonate, 
p-toluenesulfonate, oxalate, citrate, and tartrate. Examples of the base addition salts 
include: metal salts such as sodium salts, potassium salts, calcium salts, and 
magnesium salts; ammonium salts; and organic amine salts such as triethylamine 
salts. In addition, salts of amino acids such as glycine may be formed. The 
compounds or salts thereof according to the present invention may exist as hydrates or 
solvates, and these substances fall within the scope of the present invention. 

The compounds of the present invention represented by the aforementioned 
general formula (IA), (IB), (IIA), or (IIB) may have one or more asymmetric carbons 
depending on the types of the substituents. Stereoisomers such as optically active 
substances based on one or more asymmetric carbons and diastereoisomers based on 
two or more asymmetric carbons, as well as any mixtures of the stereoisomers, 
racemates and the like fall within the scope of the present invention. When R 7 , R 17 , or 
R 27 is a hydrogen atom, a carboxyl group may form a lactone, and such structural 
isomers also fall within the scope of the present invention. A compound represented 
by the general formula (IA) in which R 5 is a hydrogen atom and a compound 
represented by the general formula (IB) in which R 7 is a hydrogen atom fall under 
tautomers, and a compound represented by the general formula (IIA) in which R 11 is a 
hydrogen atom and a compound represented by the general formula (IIB) in which R 17 
is a hydrogen atom fall under tautomers. One of ordinary skill in the art would 
readily recognize the existence of such tautomers, and therefore, it should be 
understood that any of these tautomers fall within the scope of the present invention. 

Methods for preparing typical compounds among the compounds of the present 

invention are shown in the following schemes. The preparation methods described in 

the schemes are more specifically shown in further detail in the examples of the 

specification. Accordingly, one of ordinary skill in the art can prepare any of the 

compounds according to the present invention represented by the aforementioned 

general formulas by suitably choosing starting reaction materials, reaction conditions, 

reagents and the like based on these explanations, and if necessary, modifying and 

altering these methods. International Publication WO 01/62755 discloses a method 

for preparing a fluorescein derivative for measurement of zinc ions, and by referring to 

said publication, the compounds of the present invention may be readily prepared. 
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All the disclosure in International Publication WO 01/62755 is incorporated herein by 
reference. 
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The compounds such as 4-aminofluorescein, 5-aminofluorescein, and 

6-aminofluorescein, which can be used as starting compounds, can be prepared in 

accordance with, for example, "Yuuki Gousei Kagaku (Synthetic Organic Chemistry) 

IX," (Tetsuji Kametani, Nankodo Co., Ltd., p. 215 (1977)). When the amino group is 

protected when the reaction is carried out, the type of the protective group is not 
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particularly limited. For example, a p-nitrobenzenesulfonic acid group, a 
trifluoroacetyl group, a trialkylsilyl group and the like can be suitably used. As for 
the protective group for amino group, reference can be made to, for example, 
"Protective Groups in Organic Synthesis," (T. W. Greene, John Wiley & Sons, Inc. 
(1981)) and the like. 

The compounds of the present invention represented by the aforementioned 
general formula (IA), (IB), (IIA), or (IIB) or salts thereof are useful as fluorescent 
probes for zinc. While the compounds of the present invention represented by the 
aforementioned general formula (I) or (II) or salts thereof, per se, do not have the 
property of emitting strong fluorescence, they come to emit strong fluorescence after 
the formation of zinc complexes by trapping zinc ions. The above compounds or salts 
thereof are featured that they can specifically trap zinc ions and form the complexes 
very rapidly. In addition, the formed zinc complexes are featured to emit strong 
fluorescence under a long wavelength excitation light which does not cause any 
damage to living tissues or cells. Accordingly, the compounds of the present invention 
represented by the aforementioned general formula (IA), (IB), (IIA), or (IIB) or salts 
thereof are very useful as fluorescent probes for zinc for measurement of zinc ions in 
living cells or living tissues under a physiological condition. In addition, the 
compounds of the present invention represented by the aforementioned general 
formula (IA), (IB), (IIA), or (IIB) or salts thereof are featured that they can form zinc 
complexes dependent on the zinc concentration in the range of high zinc concentrations, 
and accordingly, they can suitably be used for measurement of a zinc concentration in 
samples containing zinc ions at a high concentration. The term "measurement" used 
in the specification should be construed in its broadest sense, including quantitative 
and qualitative measurement. 

The method for using the fluorescent probe for zinc according to the present 

invention is not particularly limited, and the probe can be used in the same manner as 

conventional zinc probes. In general, a substance selected from the group consisting 

of the compounds represented by the aforementioned general formula (I) and salts 

thereof is dissolved in an aqueous medium such as physiological saline or a buffered 

solution, a mixture of the aqueous medium and a water-miscible organic solvent such 

as ethanol, acetone, ethylene glycol, dimethylsulfoxide, and dimethylformamide or the 

like, then the resultant solution is added to a suitable buffered solution containing 
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cells or tissues, and a fluorescence spectrum can be measured. The fluorescent probe 
for zinc according to the present invention may be combined with a suitable additive to 
use in the form of a composition. For example, the fluorescent probe for zinc can be 
combined with additives such as a buffering agent, a solubilizing agent, and a pH 
modifier. 

The method for measuring zinc ions which is the second embodiment provided 
by the present invention comprises the step of measuring zinc ions by using two or 
more compounds or salts thereof selected from the group consisting of (1) to (14) in the 
aforementioned general formula (IIIA) or (IIIB): 

(1) a compound wherein s and t are 1, u is 1, and R 25 and R 26 are hydrogen atoms, or a 
salt thereof 

(2) a compound wherein s and t are 1, u is 1, R 25 is a hydrogen atom, and R 26 is a 
methyl group, or a salt thereof 

(3) a compound wherein s and t is 1, u is 1, and R 25 and R 26 are methyl groups, or a salt 
thereof 

(4) a compound wherein s is 1, t is 2, u is 1, and R 25 and R 26 are hydrogen atoms, or a 
salt thereof 

(5) a compound wherein s is 1, t is 2, u is 1, R 25 is a hydrogen atom, and R 26 is a methyl 
group, or a salt thereof 

(6) a compound wherein s is 1, t is 2, u is 1, R 25 is a methyl group, and R 26 is a hydrogen 
atom, or a salt thereof 

(7) a compound wherein s is 1, t is 2, u is 1, and R 25 and R 26 are methyl groups, or a salt 
thereof 

(8) a compound wherein s and t are 2, u is 1, and R 25 and R 26 are hydrogen atoms, or a 
salt thereof 

(9) a compound wherein s and t are 2, u is 1, R 25 is a hydrogen atom, and R 26 is a 
methyl group, or a salt thereof 

(10) a compound wherein s and t are 2, u is 1, and R 25 and R 26 are methyl groups, or a 
salt thereof 

(11) a compound wherein t is 1, u is 0, and R 26 is a hydrogen atom, or a salt thereof 

(12) a compound wherein t is 1, u is 0, and R 26 is a methyl group, or a salt thereof 

(13) a compound wherein t is 2, u is 0, and R 26 is a hydrogen atom, or a salt thereof 

(14) a compound wherein t is 2, u is 0, and R 26 is a methyl group, or a salt thereof. 
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In the general formula (IIIA) or (IIIB), R 21 through R 27 have the same 
meanings as R u through R 17 in the explanation about the general formula (IIA) or 
(HB). It is preferred that both R 21 and R 22 are hydrogen atoms, and for imaging 
application it is preferred that R 21 and R 22 are acetyl groups or acetoxymethyl groups. 
It is preferred that both R 23 and R 24 are both hydrogen atoms or both chlorine atoms at 
a time, and it is further preferred that both R 23 and R 24 are hydrogen atoms. It is 
preferred that R 27 is a hydrogen atom. Two or more compounds or salts thereof 
selected from the group consisting of the aforementioned compounds or salts thereof 
(1) to (14) can form zinc complexes in different ranges of the zinc concentration, and 
accordingly, zinc ions can be accurately measured in a broad range of concentration by 
using these two or more compounds or salts thereof in combination. For example, it is 
preferred that three or more compounds or salts thereof selected from the group 
consisting of the aforementioned compounds or salts thereof (1) to (14) are used, and 
more preferably, four or more compounds or salts thereof can be used. It is preferred 
that at least one in the selected two or more compounds is a compound selected from 
the compounds other than the aforementioned (1) to (11). 

When this method is carried out, the compound or a salt thereof can suitably 
be selected depending on the concentration of zinc ions which is the subject of 
measurement. For example, two or more compounds or salts thereof can be selected 
according to the method which is specifically described in the examples of the 
specification with reference to the graph of Fig. 1. Compounds 8, 13, 17, and 22 
shown in the graph of Fig. 1 are compounds in which R 21 , R 22 , R 23 , R 24 , and R 27 are 
hydrogen atoms in the aforementioned (11), (4), (8), and (2), respectively, and zinc ions 
in the concentration of from 10 8 to 10 3 mol/L can be accurately measured with these 
four compounds. As mentioned above, the selection of the compounds is preferably 
made by first measuring the changes in fluorescence intensity of each of the 
compounds versus the changes in the concentration of zinc ions, and then selecting two 
compounds so that said compounds give a value of 0.5 as the ratio of fluorescence 
intensity change (fluorescence intensity in a zinc ion concentration/maximum 
fluorescence intensity) at ten times or more different zinc ion concentrations. 

Alternatively, when the aforementioned method is carried out, one or more 

other reagents used for the measurement of zinc ion concentration can be used in 

combination. For example, in the graph of Fig. 1, zinc ions in the concentration of 10* 9 
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to 10' 3 mol/L can be accurately measured by using the aforementioned four compounds 
in combination with ZnAF-2 which is a known compound (Compound 12 in 
International Publication WO 01/62755). In addition, a kit for measuring zinc ions 
which comprises a combination of two or more compounds or salts thereof selected from 
the group consisting of the aforementioned compounds or salts thereof (1) to (14) also 
falls within the present invention. In the kit, one or more other reagents used for 
measurement of the zinc ion concentration may be used in combination. 

Examples 

The present invention will be more specifically explained with reference to the 
following examples. However, the scope of the present invention is not limited to 
these examples. The compound numbers in the examples correspond to those used in 
the above schemes. 

Example 1: Synthesis of Compound 8 

Cesium carbonate (7.9 g, 24 mmol) was added to a solution of 
5-aminofluorescein (1) (4.0 g, 12 mmol) dissolved in 80 ml of dimethylformamide. 
Subsequently, pivalic anhydride (4.9 ml, 24 mmol) was added to this solution, and the 
mixture was stirred at room temperature for 1 hour. The reaction solution was 
filtered using a Kiriyama funnel, dimethylformamide was evaporated under reduced 
pressure, and then purification was carried out by column chromatography on silica 
gel to obtain Compound 2 (5.9 g). White solid. Yield 100%. 
iH-NMR (CDCb, 300 MHz) : 

7.77 (d, 1H, J=8.3), 7.01 (d, 2H, J=2.2), 6.95 (d, 2H, J=8.6), 6.80-6.75 (m, 3H), 6.22 (d, 

1H, J=1.8), 4.21 (s, 2H), 1.36 (s, 18H) 

MASS (FAB) : 516 (M + +l) 

Compound 2 (5.9 g, 12 mmol) was dissolved in 100 ml of methylene chloride, 

and pyridine (3.5 ml, 46 mmol) was added to the solution. Subsequently, 

4-nitrobenzenesulfonyl chloride (7.7 g, 35 mmol) was added, and then the mixture was 

stirred at room temperature for 6 hours. After 300 ml of methylene chloride was 

added, the mixture was washed with water and saturated saline, and dried over 

sodium sulfate. Methylene chloride was evaporated under reduced pressure, and 

then purification was carried out by column chromatography on silica gel to obtain 
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Compound 3 (5.5 g). White solid. Yield 69%. 
iH-NMR (CDCls, 300 MHz) : 

8.20 (d, 2H, J = 9.0), 7.88 (d, 1H, J = 8.2), 7.81 (d, 2H, J = 9.0), 7.29-7.26 (m, 1H), 7.05 
(d, 2H, J = 2.0), 6.83 (d, 1H, J = 1.5), 6.74 (dd, 2H, J = 8.7, 2.1), 6.68 (d, 2H, J = 8.7), 
1.38 (s, 18H) 

MASS (FAB) : 701 (M + +l) 

Potassium carbonate (3.0 g, 21 mmol) and 1,2-dibromoethane (15 ml, 0.17 mol) 
were added to a solution of Compound 3 (3.0 g, 4.3 mmol) dissolved in 300 ml of 
acetonitrile, and the mixture was stirred at lOO'C for 20 hours. Acetonitrile was 
evaporated under reduced pressure, and the residue was suspended in 500 ml of water. 
After the suspension was extracted with methylene chloride, the extract was washed 
with saturated saline, and then dried over sodium sulfate. Methylene chloride was 
evaporated under reduced pressure, and then purification was carried out by column 
chromatography on silica gel to obtain Compound 4 (2.9 g). White solid. Yield 84%. 
1 H-NMR (CDCI3, 300 MHz) : 

8.12-8.09 (m, 3H), 7.71 (dd, 1H, J = 8.2, 1.8), 7.56 (d, 2H, J = 9.0), 7.02 (d, 2H, J = 2.2), 
6.86 (dd, 2H, J = 8.6, 2.2), 6.43 (d, 1H, J = 1.8), 3.85 (t, 2H, J = 6.6), 3.40 (t, 2H, J = 6.6), 
1.38 (s, 18H) 

MASS (FAB) : 807, 809 (M + +l) 

A solution of 4-nitrobenzenesulfonyl chloride (7.2 g, 33 mmol) dissolved in 40 
ml of methylene chloride was added drop wise over 30 minutes to a solution of 
2-aminomethylpyridine (5) (3 ml, 29 mmol) and pyridine (6 ml, 74 mmol) dissolved in 
60 ml of methylene chloride. Following the dropwise addition, the mixture was 
stirred at room temperature for 1 hour, and then the reaction solution was washed 
with 2 M aqueous sodium carbonate. The solution was washed with saturated saline, 
and then dried over sodium sulfate. Methylene chloride was evaporated under 
reduced pressure, and then purification was carried out by column chromatography on 
silica gel to obtain Compound 6 (5.4 g). White solid. Yield 64%. 
iH-NMR (CDCI3, 300 MHz) : 

8.44-8.42 (m, 1H), 8.27 (d, 2H, J=8.7), 8.03 (d, 2H, J=8.7), 7.65-7.59 (m, 1H), 7.19-7.13 

(m, 2H), 6.25 (s, 1H), 4.34 (s, 2H) 

MASS (EI) : 293 (M + ) 

Compound 6 (0.15 g, 0.51 mmol) and potassium carbonate (70 mg, 0.51 mmol) 
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were added to a solution of Compound 4 (0.30 g, 0.37 mmol) dissolved in 20 ml of 
acetonitrile, and the mixture was stirred at 100*0 for 2 hours. After acetonitrile was 
evaporated under reduced pressure, the residue was dissolved in 2 M aqueous sodium 
carbonate, and extracted with methylene chloride. The extract was washed with 
saturated saline, and then dried over sodium sulfate. Methylene chloride was 
evaporated under reduced pressure, and then purification was carried out by column 
chromatography on silica gel to obtain Compound 7 (0.12 g). Yellow solid. Yield 
31%. 

iH-NMR (CDCls, 300M Hz) : 

8.24 (d, 2H, J=8.8), 8.10 (d, 2H, J=8.8), 8.07 (d, 1H, J=8.4), 8.03-8.01 (m, 1H), 7.80 (d, 
2H, J=8.8), 7.65-7.57 (m, 2H), 7.50 (d, 2H, J=8.8), 7.24 (d, 1H, J=7.7), 7.13-7.08 (m, 1H), 
6.97 (d, 2H, J=1.5), 6.82-6.80 (m, 4H), 6.63 (d, 1H, J=1.5), 4.36 (s, 2H), 3.66 (t, 2H, 
J=7.1), 3.43 (t, 2H, J=7.1), 1.38 (s, 18H) 
MASS (FAB) : 1020 (M + +l) 

Potassium carbonate (80 mg, 0.58 mmol) and thiophenol (0.1 ml, 1.0 mmol) 
were added to a solution of Compound 7 (0.11 g, 0.11 mmol) dissolved in 10 ml of 
dimethylformamide, and the mixture was stirred at room' temperature for 5 hours. A 
solution of potassium hydroxide (200 mg, 3.4 mmol) dissolved in 1 ml of MeOH and 1 
ml of water was added, and the mixture was stirred at room temperature for 2 hours. 
After the solvent was evaporated under reduced pressure, the residue was dissolved in 
2 M hydrochloric acid. The solution was washed with diethyl ether, and then 2 M 
hydrochloric acid was evaporated under reduced pressure. The residue was purified 
by ODS column chromatography and reversed phase HPLC to obtain Compound 8 (44 
mg) as the 3TFA salt. Brown solid. Yield 48%. 
iH-NMR (CDCb, 300M Hz) : 

8.39-8.37 (m, 1H), 7.74 (d, 1H, J=8.6), 7.74-7.68 (m, 1H), 7.29-7.24 (m, 2H), 6.86-6.79 
(m, 3H), 6.74 (d, 2H, J=2.2), 6.60 (dd, 2H, J=8.8, 2.2), 6.28 (d, 1H, J=2.0), 4.25 (s, 2H), 
3.45 (t, 2H, J=6.2), 3.14 (t, 2H, J=6.2) 
MASS (FAB) : 482 (M + +l) 

Example 2: Synthesis of Compound 13 

2-Pyridineethanol (9) (0.5 ml, 4.4 mol), azodicarboxylic acid ester (40% toluene 

solution) (2.5 ml, 5.2 mmol), and triphenylphosphine (1.25 g, 4.8 mmol) were added to a 
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solution of Compound 6 (1 g, 3.4 mmol) dissolved in 80 ml of benzene, and the mixture 
was stirred at room temperature for 3 hours. After benzene was evaporated under 
reduced pressure, the residue was dissolved in 2 M aqueous sodium carbonate, and 
extracted with methylene chloride. The extract was washed with saturated saline, 
and then dried over sodium sulfate. After methylene chloride was evaporated under 
reduced pressure, purification was carried out by column chromatography on silica gel 
to obtain Compound 10 (0.95 g). Yellow oil. Yield 70%. 
iH-NMR (CDCls, 300 MHz) : 

8.43-8.40 (m, 2H, J=8.6), 8.26 (d, 2H, J=8.6), 7.68-7.62 (m, 1H), 7.57-7.51 (m, 1H), 7.38 
(d, 1H, J=7.9), 7.20-7.16 (m, 1H), 7.11-7.09 (m, 1H), 7.06 (d, 1H, J=7.7), 4.58 (s, 2H), 
3.74 (t, 2H, J=7.3), 3.00 (t, 2H, J=7.3) 
MASS (FAB) : 399 (M++1) 

Potassium carbonate (0.99 g, 7.2 mmol) and thiophenol (0.49 ml, 4.8 mmol) 
were added to a solution of Compound 10 (0.95 g, 2.4 mmol) dissolved in 50 ml of 
dimethylformamide, and the mixture was stirred at room temperature for 10 hours. 
After dimethylformamide was evaporated under reduced pressure, the residue was 
dissolved in 2 M aqueous sodium carbonate, and extracted with methylene chloride. 
The extract was washed with saturated saline, and then dried over sodium sulfate. 
After methylene chloride was evaporated under reduced pressure, purification was 
carried out by column chromatography on silica gel to obtain Compound 11 (0.37 g). 
Yellow oil. Yield 73%. 
1 H-NMR (CDCb, 300MHz) : 

8.54-8.53 (m, 2H), 7.65-7.56 (m, 2H), 7.30 (d, 1H, J=7.7), 7.20-7.09 (m, 3H), 3.96 (s, 2H), 

3.12-3.00 (m, 4H), 2.07 (br, 1H) 

MASS (FAB) : 214 (M++1) 

Compound 4 (0.20 g, 0.25 mmol) was suspended in 50 ml of acetonitrile, and 

added with potassium iodide (0.10 g, 0.60 mmol), potassium carbonate (0.10 g, 0.72 

mmol) and Compound 11 (0.20 g, 0.94 mmol), and the mixture was refluxed for 14 

hours. After acetonitrile was evaporated under reduced pressure, the residue was 

dissolved in 2 N aqueous sodium carbonate, and extracted with methylene chloride. 

The methylene chloride layer was washed with saturated saline, and then dried over 

sodium sulfate. Methylene chloride was evaporated under reduced pressure, and 

purification was carried out by column chromatography on silica gel to obtain 
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Compound 12 (38 mg). Yellow solid. Yield 16%. 
iH-NMR (CDCb, 300 MHz) : 

8.41-8.40 (m, 1H), 8.36-8.34 (m, 1H), 8.08 (d, 2H, J=8.6), 8.00 (d, 1H, J=8.2), 7.58-7.50 
(m, 5H), 7.14-7.03 (m, 4H), 6.96 (d, 2H, J=2.2), 6.68 (d, 2H, J=8.6), 6.58 (d, 1H, J=1.5), 
3.67 (s, 2H), 3.57 (t, 2H, J=6.6), 2.83-2.76 (m, 4H), 2.66 (t, 2H, J=6.6), 1.31 (s, 18H) 
MASS (FAB) : 940 (M + +l) 

Compound 13 (18 mg) was obtained as a 4TFA salt from Compound 12 (38 mg, 
40 pmol) in the same manner as that of the synthesis of Compound 8. Brown solid. 
Yield 43%. 

iH-NMR (CDCb, 300 MHz) : 

8.33-8.30 (m, 2H), 7.95-7.89 (m, 1H), 7.86-7.80 (m, 1H), 7.65 (d, 1H, J=8.6), 7.43-7.32 
(m, 4H), 6.77 (dd, 1H, J=8.6, 2.0), 6.68-6.65 (m, 4H), 6.53 (dd, 2H, J=8.8, 2.4), 6.16 (d, 
1H, J=2.4), 4.41 (s, 2H), 3.45-3.41 (m, 4H), 3.24-3.12 (m, 4H) 
MASS (FAB) : 587 (M-+1) 

Example 3: Synthesis of Compound 17 

2-Aminoethylpyridine (0.56 ml, 4.6 mmol) and glacial acetic acid (0.27 ml, 4.6 
mmol) were added to a solution of 2-vinylpyridine (14) (0.5 ml, 4.6 mmol) dissolved in 
50 ml of methanol, and the mixture was refluxed under argon for 24 hours. The 
mixture was cooled to room temperature, then poured into ice water, and neutralized 
with 2 M aqueous sodium hydroxide. The mixture was extracted with methylene 
chloride, and the extract was dried over magnesium sulfate. Methylene chloride was 
evaporated under reduced pressure, and purification was carried out by column 
chromatography on silica gel to obtain Compound 15 (0.27 g). Yellow oil. Yield 25%. 
iH-NMR (CDCb, 300 MHz) : 

8.50 (d, 2H, J=4.0), 7.57 (td, 2H, J=7.7, 1.8), 7.16-7.08 (m, 4H), 3.08-3.03 (m, 4H), 
2.99-2.94 (m, 4H), 1.96 (br, 1H) 
MASS (EI) : 227 (M + ) 

Compound 16 (25 mg) was obtained from Compound 4 (0.10 g, 0.12 mmol) and 
Compound 15 (60 mg, 0.26 mmol) in the same manner as in the synthesis of Compound 
12. Yellow solid. Yield 21%. 
iH-NMR (CDCb, 300 MHz) : 

8.36-8.34 (m, 2H), 8.09 (d, 2H, J=8.6), 8.01 (d, 1H, J=8.2), 7.55-7.50 (m,4H), 7.09-7.05 
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(m, 2H), 7.01-6.98 (m, 2H), 6.94 (d, 2H, J=l.l), 6.76-6.75 (m, 4H), 6.64 (d, 1H, J=1.5), 
3.45 (t, 2H, J=7.0), 2.80-2.76 (m, 4H), 2.69-2.64 (m, 4H), 2.60 (t, 2H, J=7.0) 
MASS (FAB) : 954 (M + +l) 

Compound 17 (12 mg) was obtained as a 4TFA salt from Compound 16 (25 mg, 
26 umol) in the same manner as in the synthesis of Compound 8. Brown solid. Yield 
21%. 

iH-NMR (CDCh, 300 MHz) : 

8.09-8.07 (m, 2H), 7.87-7.81 (m,2H), 7.76 (d, 1H, J=8.6), 7.38 (d, 2H, J=7.9), 7.31-7.27 
(m, 2H), 6.88 (dd, 1H, J=8.6, 2.2), 6.75 (d, 2H, J=8.8), 6.73 (d, 2H, J=2.4), 6.61 (dd, 2H, 
J=8.8, 2.4), 3.71-3.62 (m, 6H), 3.48 (t, 2H, J=5.7), 3.23 (t, 4H, J=6.4) 
MASS (FAB) : 601 (M++1) 

Example 4: Synthesis of Compound 22 

Compound 19 (2.4 g) was obtained from Compound 6 (2.0 g, 6.8 mmol) and 
6-methyl-2-pyridinemethanol (18) (1.1 g, 8.8 mmol) in the same manner as in the 
synthesis of Compound 10. Yellow oil. Yield 88%. 
iH-NMR (CDC1 3 , 300 MHz) : 

8.39-8.38 (m, 1H), 8.23 (d, 2H, J=8.8), 7.98 (d, 2H, J=8.8), 7.67-7.61 (m, 1H), 7.51-7.45 
(m, 1H), 7.39 (d, 1H, J=7.7), 7.17-7.13 (m, 1H), 7.09-7.07 (m, 1H), 6.98-6.95 (m, 1H), 
4.68 (s, 2H), 4.63 (s, 2H), 2.30 (s, 3H) 
MASS (EI) : 398 (M+) 

Compound 20 (0.78 g) was obtained from Compound 19 (2.4 g, 6.0 mmol) in the 
same manner as that of the synthesis of Compound 11. Yellow oil. Yield 61%. 
iH-NMR (CDCb, 300 MHz) : 

8.55 (m, 1H), 7.64 (td, 1H, J=7.5, 1.9), 7.53 (t, 1H, J=7.7), 7.37 (d, 1H, J=7.5), 7.15 (d, 
1H, J=7.7), 7.15-7.14 (m, 1H), 7.01 (d, 1H, J=7.7), 3.99 (s, 2H), 3.94 (s, 2H), 2.54 (s, 3H) 
MASS (FAB) : 214 (M + +l) 

Compound 21 (0.18 g) was obtained from Compound 4 (0.45 g, 0.56 mmol) and 
Compound 20 (0.24 g, 1.1 mmol) in the same manner as that of the synthesis of 
Compound 12. Yellow solid. Yield 35%. 
iH-NMR (CDCb, 300 MHz) : 

8.43-8.41 (m, 1H), 8.06 (d, 2H, J=8.8), 7.96 (d, 1H, J=8.6), 7.64-7.58 (m, 1H), 7.53-7.48 

(m, 2H), 7.51 (d, 2H, J=8.8), 7.35-7.32 (m, 1H), 7.16-7.12 (m, 2H), 7.03-6.99 (m, 1H), 
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7.00 (d, 2H, J=2.2), 6.76 (dd, 2H, J=8.6, 2.2), 6.62 (d, 2H, J=8.6), 6.46 (d, 1H, J=1.3), 
3.69-3.65 (m, 6H,), 2.67 (t, 2H, J=6.2), 2.48 (s, 3H), 1.37 (s, 18H) 
MASS (FAB) : 940 (M++1) 

Compound 22 (76 mg) was obtained as a 4TFA salt from Compound 21 (0.18 g, 
0.19 mmol) in the same manner as that of the synthesis of Compound 8. Brown solid. 
Yield 38%. 

iH-NMR (CD3OD, 300 MHz) : 

8.47-8.45 (m, 1H), 7.95-7.84 (m, 2H), 7.65 (d, 1H, J=8.6), 7.46-7.38 (m, 4H), 6.74 (dd, 
1H, J=8.6, 2.0), 6.68 (d, 2H, J=2.4,), 6.65 (d, 2H, J=8.8), 6.56 (dd, 2H, J=8.8, 2.4), 6.07 
(d, 1H, J=2.0), 4.32 (s, 2H), 4.28 (s, 2H), 3.30-3.25 (m, 2H), 3.08 (t, 2H, J=5.9), 2.55 (s, 
3H) 

MASS (FAB) : 587 (M++1) 

Example 5: Synthesis of Compound 27 

Thionyl chloride (12 ml, 0.17mol) was added dropwise to a solution of 
6-methyl-2-pyridinemethanol (18) (4.0 g, 33 mmol) dissolved in 150 ml of methylene 
chloride. After the dropwise addition was completed, the mixture was refluxed at 
45X^ for 1 hour. After methylene chloride was evaporated under reduced pressure, 
the residue was dissolved in 2 M aqueous sodium carbonate, and extracted with 
methylene chloride. The methylene chloride layer was washed with saturated saline, 
and then dried over potassium sulfate. Methylene chloride was evaporated under 
reduced pressure to obtain Compound 23 (4.5 g). Colorless oil. Yield 97%. 
^-NMR (CDCI3, 300 MHz) : 

7.60 (t, 1H, J=7.7), 7.28 (d, 1H, J=7.7), 7.09 (d, 1H, J=7.7), 4.64 (s, 2H), 2.56 (s, 3H) 
MASS (EI) : 141 (M + ) 

p-Toluenesulfonamide (1.2 g, 7.1 mmol) was added to a solution of Compound 
23 (2.0 g, 14 mmol) dissolved in 200 ml of acetonitrile, and the mixture was refluxed at 
90*t for 18 hours. Acetonitrile was evaporated under reduced pressure, and the 
residue was suspended in 200 ml of water. After the suspension was extracted with 
methylene chloride, the extract was washed with saturated saline, and then dried over 
sodium sulfate. Methylene chloride was evaporated under reduced pressure to obtain 
Compound 24 (2.8 g). Yellow solid. Yield 100%. 
1 H-NMR (CDCI3, 300 MHz) : 
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7.70 (d, 2H, J=8.2), 7.42 (t, 2H, J=7.7), 7.23 (d, 2H, J=8.2), 7.13 (d, 2H, J=7.7), 6.91 (d, 
2H, J=7.7), 4.55 (s, 4H), 2.41 (s, 3H), 2.36 (s, 6H) 
MASS (FAB) : 382 (M + +l) 

Compound 24 (2.8 g, 7.3 mmol) was dissolved in 50 ml of sulfuric acid, and 
then the solution was stirred at 120*0 for 2 hours. The mixture was cooled, then 
poured into ice water, and neutralized with 2 M aqueous sodium hydroxide. The 
mixture was extracted with methylene chloride, and the extract was dried over sodium 
sulfate. Methylene chloride was evaporated under reduced pressure, and purification 
was carried out by column chromatography on silica gel to obtain Compound 25 (0.64 
g). Yellow solid. Yield 39%. 
iH-NMR (CDCls, 300 MHz) : 

7.53 (t, 2H, J=7.5), 7.17 (d, 2H, J=7.5), 7.02 (d, 2H, J=7.5), 3.97 (s, 4H), 2.54 (s, 6H) 
MASS (EI) : 227 (M*) 

Compound 26 (65mg) was obtained from Compound 4 (0.10 g, 0.12 mmol) and 
Compound 25 (0.13 g, 0.57 mmol) in the same manner as that of the synthesis of 
Compound 12. Yellow solid. Yield 55%. 
iH-NMR (CDCb, 300 MHz) : 

8.06 (d, 2H, J=9.0), 7.96 (d, 2H, J=8.3), 7.54-7.47 (m, 5H), 7.14 (d, 2H, J=7.7), 7.02-7.00 
(d, 2H, J=2.2), 7.00 (d, 2H, J=2.2), 6.75 (dd, 2H, J=8.6, 2.2), 6.61 (d, 2H, J=8.6), 6.46 (d, 
1H), 3.68-3.65 (m, 6H), 2.68 (t, 2H, J=6.2), 2.47 (s, 6H), 1.37 (s, 18H) 
MASS (FAB) : 954 (M-+1) 

Compound 27 (31 mg) was obtained as a 4TFA salt from Compound 26 (65 mg, 
0.068 mmol) in the same manner as that of the synthesis of Compound 8. Brown solid. 
Yield 43%. 

iH-NMR (CD3OD, 300 MHz) : 

7.98-7.93 (m, 2H), 7.61 (d, 1H, J=8.8), 7.57 (d, 2H, J=7.9), 7.44 (d, 2H, J=7.7), 6.69 (dd, 
1H, J=8.8, 1.8), 6.66-6.63 (m, 4H), 6.53 (dd, 2H, J=8.8, 2.2), 5.98 (d, 1H, J=1.8), 4.13 (s, 
4H), 3.16-3.13 (m, 2H), 2.87-2.83 (m, 2H), 2.52 (s, 6H) 
MASS (FAB) : 601 (M + +l) 

Example 6: Synthesis of Compound 28 

Compound 13 (11.4 mg, 0.011 mmol) was suspended in 10 ml of acetonitrile, 

added with cesium carbonate (14.0 mg, 43 ju M), and then gradually added with 2.2 ml 
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of acetic anhydride. After the mixture was stirred at room temperature for 1 hour, 
the reaction solution was evaporated under reduced pressure. Purification was 
carried out by column chromatography on silica gel to obtain Compound 28 (5.8 mg). 
White solid. Yield 47%. 
iH-NMR (CDCla, 300 MHz) : 

8.41-8.36 (m, 2H), 7.72 (d, 1H, J=8.4), 7.47-7.41 (m, 1H), 7.39-7.33 (m, 1H), 7.06 (d, 2H, 
J=2.2), 7.04-6.98 (m, 3H), 6.99 (d, 2H, J=2.2), 6.85-6.83 (m, 1H), 6.82 (dd, 2H, J=8.6, 
2.2), 6.67 (dd, 1H, J=8.4, 1.8), 6.10 (br, 1H), 5.99 (d, 1H, J=1.8), 3.74 (s, 2H), 2.99 (m, 
2H), 2.92 (m, 4H), 2.77 (t, 2H, J=4.8), 2.31 (s, 6H) 
MASS (FAB) : 671 (M++1) 

Example 7 

Changes in fluorescence intensity by zinc ions were investigated by using 
Compounds 8, 13, 17, and 22 which were obtained in the aforementioned Examples 1 to 
4. The fluorescence intensity of 1 ix M of each of the compounds was measured in 100 
mM HEPES buffer (pH 7.4). The results are shown in Fig. 1. The fluorescence 
intensity on the ordinate axis numerically shows changes in fluorescence intensity 
when the maximum fluorescence intensity variation is taken as 1 by addition of zinc. 
It was demonstrated that each of the compound gave fluorescence intensity changes in 
the range of lower concentrations than ZnAF-2 (Compound 12 disclosed in 
International Publication WO 01/62755). It was further demonstrated that changes 
in the concentration of zinc ions can be detected in a very wide range of concentrations 
over 10 10 M to 10 3 M by using these five compounds in combination. 

Example 8 

Compounds 8, 13, 17, and 22 were used to evaluate selectivity for zinc ions. 1 

u M of the compound was added in 100 mM HEPES buffer (pH 7.5) containing various 

metal ions (1 /i M or 5 v M). The fluorescence intensity was measured at the 

excitation wavelength of 492 nm and the fluorescence wavelength of 514 nm for 

Compounds 8, 17, and 22, and the excitation wavelength of 492 nm and the 

fluorescence wavelength of 521 nm for Compound 13. The results are shown in Fig. 2. 

In the figure, the ordinate axis shows value of the relative fluorescent intensity 

measured when each metal ion is added; and in this case, the fluorescence intensity in 
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the absence of metal ion is set to 1. It is clearly understood that Compounds 8, 13, 17, 
and 22 have extremely high selectivity for zinc ions, and the compounds give 
absolutely no increase in fluorescence intensity even in the presence of sodium ions, 
potassium ions, calcium ions, and magnesium ions at high concentration (5 mM), 
which exist in a living organism. It is also clearly understood that these metal ions do 
not affect the increase in fluorescence intensity by zinc ions. 

Example 9 

Changes in fluorescence intensity of Compounds 8, 13, 17, and 22, and zinc 
complexes thereof were investigated with relation to pH changes. The fluorescence 
intensity was measured at the excitation wavelength of 492 nm and the fluorescence 
wavelength of 514 nm for Compounds 8, 17, and 22, and the excitation wavelength of 
492 nm and the fluorescence wavelength of 521 nm for Compound 13. The results are 
shown in Fig. 3. Buffers used are as follows. 

100 mM Cl 2 CHCOOH-Cl 2 CHCOONa buffer (pH 2.0-2.5) 

100 mM ClCH 2 COOH-ClCH 2 COONa buffer (pH 3.0-3.5) 

100 mM AcOH-AcONa buffer (pH 4.0-5.0) 

100 mM MES buffer (pH 5.5-6.5) 

100 mM HEPES buffer (pH 7.0-8.0) 

100 mM CHES buffer (pH 8.0-9.0) 

It was understood that the fluorescence intensity of all of the compounds was 
stable at pH of around 7.4 which is an intracellular pH. 

Example 10 

The rate constant of the formation of a complex between zinc ions and each of 

Compounds 8, 13, 17, and 22 were investigated. Changes with time of fluorescence 

intensity were measured in a stopped-flow manner after the compound was mixed in 

100 mM HEPES buffer (pH 7.4) at 25^ to adjust the final concentration of the 

compound to 1 j^M and that of zinc ions to 50 /zM. The rate constant of complex 

formation was calculated by using the graph to give 1.6 X 10 6 M^s 1 for Compound 8, 

1.4 X 106 M-is-i for Compound 13, 7.8 X 10* M^s-i for Compound 17, and 1.3 X 106 M^s-i 

for Compound 22. The fluorescence immediately increased by each of the compounds. 

Therefore, it is understood that zinc ions can be detected in a very short period of time, 
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and rapid changes in the concentration of zinc ions can also be detected by using these 
compounds. 

Example 11 

Changes in fluorescence intensity were investigated when zinc ions in various 
concentrations were intracellularly introduced by using CHO cells. CHO cells were 
incubated in PBS(-) containing 10 v M ZnAF-2DA (6-[N-[N , ,N , -bis(2-pyridinylmethyl)- 
2-aminoethyl]amino-3 , ,6 , -bis(acetyloxy)-spiro[isobenzofuran-l(3H),9'-[9H]xanthen]-3- 
one: Kd value for zinc ions: 2.7 nM) or Compound 28 at room temperature for 10 
minutes. After the cells were washed with PBS(-) 3 times, the reagent was added as 
shown in the following Table 1, and changes in fluorescence intensity were measured. 


Table 1 


2 min 

100 fi M pyrithione, 0.3 n M ZnSCU 

7 min 

100 t± M pyrithione, 3.0 m M ZnSCU 

12 min 

100 & M pyrithione, 30 jjl M ZnS04 

17 min 

100 ix M pyrithione, 300 \i M ZnS04 

22 min 

300 mMTPEN 


The results were shown in Fig. 1. The results show that fluorescence 
intensity reached to the plateau of fluorescence intensity when 3 n M zinc ions were 
introduced to the cells dyed with ZnAF-2DA. In contrast, fluorescence intensity of the 
cells dyed with Compound 28 increased stepwise with elevation of zinc ions introduced. 
In other words, the difference of the Kd value gives the appearance of the difference of 
intracellular fluorescence intensity. It was understood that Compound 28 was 
successfully used in the range of higher concentrations of zinc ions than concentrations 
in which ZnAF-2DA was available. 

Industrial Applicability 

The compound of the present invention or a salt thereof is useful for 

measurement of zinc ions. By using the compound of the present invention or a salt 

thereof, the concentration of zinc ions in a sample in which zinc ions exist in high 

concentrations be can accurately measured, and a suitable combination of the 
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compounds enables accurate measurement of the concentration of zinc ions in a 
extremely wide range. 
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